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Background/Purpose: Older people commonly have concerns about their balance and mobility. This study
aimed to identify the prevalence of mild balance dysfunction in community-dwelling older people with
self-expressed concerns about balance and to determine factors associated with the presence of mild
balance dysfunction.
Methods: This was a cross-sectional study in Melbourne, Australia. Participants underwent a compre-
hensive assessment using clinical and force platform measures to detect mild levels of balance
dysfunction. The independent association between potential factors and the presence of mild balance
dysfunction was examined by multiple logistic regression while adjusting for confounding effects.
Results: A total of 225 participants were recruited. Using a classiﬁcation algorithm following assessment,
165 participants [73%, 95% conﬁdence interval (CI): 68%e79%] were classiﬁed as having mild balance
dysfunction. Some of the clinical measures such as the Step Test appeared to be able to discriminate
between those with mild balance dysfunction and those without. Factors that were associated with mild
balance impairment include: walking velocity [odds ratio (OR) ¼ 0.817, 95% CI: 0.694e0.963); self-report
physical activity level (OR ¼ 0.798, 95% CI: 0.649e0.981); and self-reported balance concerns during
walking (OR ¼ 2.207, 95% CI: 1.020e4.785).
Conclusion: The majority of participants who reported balance concerns had measurable mild balance
dysfunction. Early risk identiﬁcation should target those have lower physical activity level, have slower
walking velocity, and express concerns about their balance during walking. Further research should
investigate the utility of the simple clinical measures in isolation to classify risk of mild balance
dysfunction. Health professionals should refer older people who report balance-related concerns to
appropriate investigators and interventionists.
Copyright  2011, Asia Paciﬁc League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan
Open access under CC BY-NC-ND license.LLC.1. Introduction
Balance related complaints such as “feeling unsteady” or “balance
not as good as it used to be” are common among community-
dwelling older people. Many older people tend to ascribe this to be
just related to their age, and consider nothing can be done about it,
so they do not seek medical review. As a consequence of their
balance-related concerns, older people’s falls-efﬁcacy and self-
efﬁcacy is likely to decrease, and they may subsequently start tonstitute, Post Ofﬁce Box 2127,
g).
Clinical Gerontology & Geriatrics. Pcurtail their activities.1 Curtailment of activity has shown to have
progressive negative impact on older people, predicting decline in
physical function over time.2
Older people’s balance-related concerns may indicate age-
related or disease-related declines in the balance system.3 Some
of these people will have an identiﬁable balance problem if
assessed with a suitable assessment battery, while others may be
identiﬁed as being within normative limits, and may be considered
the “worried well.” From a health promotion and prevention
perspective, there is a need to determine if early or mild signs of
balance dysfunction in community dwelling older people can be
identiﬁed, rather than waiting for balance and related problems to
develop to a more advanced and recognizable level. Successful
identiﬁcation of mild balance dysfunction may then be a basis forublished by Elsevier Taiwan LLC. Open access under CC BY-NC-ND license.
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and reduce future falls risk.
Several studies have shown that older people’s self-reporting of
their own abilities is associated with their actual physical perfor-
mance. For example, self-rated functional capacity is related to the
measured function level,4 and self-reportedwalking ability predicts
older people’s mobility performance.5 A recent study found that
older people’s self-reported impaired balance was associated with
increased risk of an injurious fall over the subsequent year.6
These research ﬁndings imply that older people’s balance related
concerns might be an indicator of actual balance dysfunction at
mild levels before it becomes clinically obvious. There is a need to
extend this work to determine whether older people’s perceptions
of concerns related to their balance is an indicator of a measurable
decline in balance performance outside of that which would be
expected due to age alone.
Most studies investigating balance impairment in older people
have incorporated a limited range of balance assessment tools
only,7,8 most commonly using simple clinical measures. Balance is
multidimensional and different measures have been designed to
assess different aspects of balance or a person’s balance ability
under different conditions.9 These included measures of static and
dynamic standing balance, utilizing tasks commonly involved in
falls, such as stepping, reaching or leaning, and turning. In addi-
tion, measures sensitive to mild dysfunction are likely to be
required in detecting older people’s mild balance dysfunction, and
there is evidence that some simple clinical measures suffer from
ceiling effects.10 A computerized force platform balance measures
provide quantitative information about stability and weight
transference.11 Previous studies have demonstrated that these
objective measurements are sensitive to age-related differences in
postural sway and impairment in dynamic balance performance,12
and, therefore, may be useful in identifying mild levels of balance
dysfunction.
This paper aimed to determine the prevalence of mild balance
dysfunction and to identify associated risk factors in a sample of
community ambulant older people who were still active, but re-
ported concerns about balance and mobility. A comprehensive
balance assessment incorporating clinical and computerized balance
measures was utilized in screening for mild balance dysfunction in
this patient population.
2. Methods
2.1. Study sample
Two hundred and twenty ﬁve participants were recruited from
metropolitan Melbourne by advertising in newspapers and news-
letters, as well as by talking to community groups of older people.
Data collection started in February 2006 and was completed in
September 2007. Inclusion criteria were selected to provide a rela-
tively well and community ambulant sample without high level or
obvious falls risk to achieve the study aims. Inclusion criteria were
being aged 65 years and over, living in the community, being
community ambulant (deﬁned as being able to walk away from
home at least three times per week), requiring no walking aid or
using a single point stick only, experiencing no more than one fall
in the past 12 months, and having concerns about balance or
mobility. A brief telephone-screening interview was administered
to ensure that participants met all inclusion criteria based on self-
reporting. Presence of balance concerns as an inclusion criterion
was based on self-reporting to the question “Are you concerned
about your balance?” Participants who responded yes were asked
to describe which of a range of situations caused their balance
concerns.2.2. Comparative samples
Data are reported from two other studies to put the perfor-
mance scores of the current study sample into context. Data for
healthy older people have been derived from a study reporting
similar clinical measures on a well-screened sample,13 which
(n ¼ 96) had an average of 74 years; all were community dwelling
healthy older women, did not use any gait aid for outdoors walking,
had no history of falls in the preceding 12 months, and were
screened as free of balance dysfunction. Data from a high falls risk
group (older people presenting to a specialist at Falls Clinics in
Victoria, Australia) are also reported.14 This sample (n¼ 454) had an
average age of 78 years, an average of 7.6 (SD¼ 2.8) falls risk factors
at initial Falls Clinic assessment, 73%werewomen, and 63% had two
or more falls in the preceding 6 months.
2.3. Data collection
A project manual was developed recording standardized study
procedures and assessment tools. The research team involved in
assessing participants was trained by an experienced neurologic/
gerontologicphysiotherapist, to ensure consistency indata collection.
Eligible participants attended the balance and gait laboratory
for a comprehensive balance assessment. The assessment included
a series of clinical and laboratory measures of balance andmobility.
Clinical measures of balance, mobility and strength included:
1. Functional reach (FR) test7: The maximal distance (cm) that
a participant could reach forward horizontally was measured
while maintaining balance with feet 10 cm apart.
2. Step Test (ST)15: The number of times a participant could step
one foot fully on and then off a 7.5-cm block in 15 seconds as
quickly as possible was recorded. Scores were derived for both
the right foot stepping and the left foot stepping. The lower of
the two scores was reported.
3. Timed Sit-to-Stand (ﬁve times)8: The participant stood up and
sat down as quickly as possible from a standard chair (47-cm
high) ﬁve times in a row, with their arms folded across their
chest.
4. Lower limb muscle strength16: A Nicholas Manual Muscle
Tester (hand held dynamometer) was used to measure three
groups of leg muscles bilaterally: hip abductors, quadriceps,
and ankle dorsiﬂexors. Lower limb muscle weakness generally,
and speciﬁcally in quadriceps and ankle dorsiﬂexors, has been
shown to be associated with increased falls risk.17 Three trials
were conducted for each muscle group for each leg. The stan-
dardized strength measure for a muscle group was derived by
dividing the average of results of trial 2 and 3 by the partici-
pant’s weight. The lower score between the right and left side
was reported for the three groups of muscles.
5. Walking velocity (m/minute): The participant was asked towalk
at their “comfortable walking pace” along a 10-mwalkway. Gait
in the central 6m of thewalkwaywas timed. The 2mbefore and
after the central 6 m were to allow for acceleration and decel-
eration phases of gait to be outside of the measurement time.
Participants used their usual indoors gait aid.
The NeuroCom Balance Master [NeuroCom International Inc.,
Clackamas, OR, USA (long plate)] was also used to assess balance
during six functional tasks. Reliability of these tests has been re-
ported previously.18 Test procedures have been described by
Vrantsidis and colleagues.19
1. Modiﬁed Clinical Test of Sensory Interaction on Balance
(mCTSIB): quantiﬁed postural sway velocity with the
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sensory conditions (eyes open/eyes closed on a ﬁrm surface
and then eyes open/eyes closed on a foam surface). A
composite score of Centre of Gravity (COG) Sway Velocity
(degree/sec) was reported across the four tests.
2. Limits of Stability (LOS): measured participants’ ability to
voluntarily control weight shift in eight directions and to hold
as close to a target set at 100% limit of stability in each direc-
tion. A composite measure of Reaction Time (sec), Movement
Velocity (degree/sec) and Maximum Excursion (% of LOS)
combining performance in the eight directions was reported.
3. RhythmicWeight Shift (RWS): examined participants’ ability to
move the Centre of Gravity (COG) rhythmically front/back and
to modify the timing of the COG movement so as to match the
speed of a moving cue at three different speeds. A composite
score of On-Axis Velocity (deg/sec) and Direction Control (%)
across the three speeds was reported.
4. Walk Across (WA): quantiﬁed several characteristics of gait as
the participant walked across the force plate. Step Width (cm)
was reported.
5. Step Quick Turn (SQT): quantiﬁed the velocity and stability of
walking and turning. Three trials turning to the right and three
trials turning to the left were assessed. A combined score for
the three trials of the Turn Time (sec) and Turn Sway (degree/
sec) was used, and the higher (worse) score between turning to
the right and turning to the left was reported for the two
measures.
6. Stability during Sit to Stand (STS): examined participants’
ability to stand up from a 41 cm high block without upper
extremity assistance and the stability during sit to stand. A
composite score of three trials for Rising Index (%) (the amount
of force exerted by the legs during the rising phrase, expressed
as percentage of body weight) and COG Sway Velocity (degree/
sec) (the speed of COG movement during the rise to stand and
for the ﬁrst ﬁve seconds following the rise) were reported.
Other information collected included demographic data,
detailed medical history, medication use, and information about
falls in the past 12 months (retrospective recall). The Human
Activity Proﬁle (HAP) was utilized to measure participants’ activity
level20 and the Adjusted Activity Score (AAS) was reported. The
HAP questionnaire consists of 94 activities listed in order of
increasing energy expenditure. For each item the participant was
asked to indicate whether they were “still doing the activity,” “have
stopped doing the activity,” or “never did the activity.” TheMaximal
Activity Score (MAS) is the highest numbered item rated as “still
doing.” The AAS is calculated by subtracting the number of lower
numbered activities (than the MAS) that were rated as “stopped
doing” from the MAS score. The Assessment of Quality of Life
(AQoL) was used to measure health related quality of life.21 The
AQoL comprises ﬁve domains and 15 questions, and each of the 15
questions has four answer options. The participant was instructed
to choose the alternative that best described their health status
over the past week. Fear of falling wasmeasured using theModiﬁed
Falls Efﬁcacy Scale (MFES),22 which consists of 14 activities, each of
which is rated by the participant on a 0 to 10 scale. On the scale,
0 indicated no conﬁdence that the activity could be performed
without overbalancing, and 10 indicated complete conﬁdence in
performing the activity without overbalancing or falling. The
average score of rated items was reported as MFES score.
2.4. Classiﬁcation of mild balance dysfunction
To date, there is no accepted classiﬁcation or agreed balance
assessment items or cut-off scores to determine whether an olderperson has mild balance dysfunction. Balance is multidimensional
and studies suggest that a combination of measures is required to
obtain a comprehensive proﬁle of balance ability.6 For the purposes
of this study, the following criteria were used in classifying mild
balance dysfunction: (a) participants who had any abnormal scores
on clinical measures (deﬁned as worse than one standard deviation
from the mean score published for healthy older people.7,8,15
Normative performance on any physical task incorporates
a moderate degree of variability around the mean. Many studies
have cited a level of one standard deviation from the mean
performance level to be reﬂective of normative performance.23 We
have used this same criterion to deﬁne normative range, or those
with mild balance dysfunction. For the clinical measures used for
this purpose, cut-off scores to indicate mild balance dysfunction
were: Functional reach <26 cm (7), Step Test <13 steps/15
seconds,15 Times Sit-to-Stand (ﬁve times) >17.9 seconds8; and/or
(b) participants who had more than three abnormal scores on the
NeuroCom measures. Age and sex normative limits for these
measures are available from a data set providedwith the NeuroCom
system. From the six tests used from the NeuroCom Balance Master
(see above) there were 46 individual scores derived (excluding
composite scores). We have accepted a small number (three or less)
of these scores being outside of normative limits as being indicative
of normative balance performance, while four or more of the 46
measures being outside of normative limits was considered to
indicate mild balance dysfunction.
2.5. Statistical analysis
Analyses were undertaken using the statistical software package
SPSS Graduate Pack 15.0 for Windows (Chicago, Illinois, USA). The
percentage of older people who were classiﬁed as having balance
performance outside of normal limits and associated 95% CIs were
reported. T-tests were used to compare performance on each indi-
vidual balance task between the group classiﬁed with mild balance
dysfunction, and the group with balance within normal limits.
Univariate and multivariate logistic regression procedures were
employed to assess relationships between potential risk factors and
probable mild balance dysfunction. For the univariate analysis, 26
factors were analyzed, including age, gender, medical conditions,
medication use, balance-related concerns, walking, and activity
level. Where variables were strongly associated, indicating multi-
collinearity, only one of the pair of variables was selected for
inclusion in the regression analysis. Participants who were classi-
ﬁed as having mild balance dysfunction and those who were clas-
siﬁed as free of balance dysfunctionwere compared. Variables with
a p value <0.1 in the univariate analysis were included in a multi-
variate logistic regression model. ORs and 95% CIs were calculated.
3. Results
Two hundred and twenty ﬁve participants were recruited, with
a mean age 79.7 years (95% CI: 78.9e80.5 years). Fifty-six percent
(126 participants) were men. One hundred and twenty one (53.8%)
participants weremarried. Themajority of participants (208, 92.4%)
were living at home with no career.
According to the classiﬁcation of balance ability described in the
Method, 165 participants (73.3%, 95% CI: 68%e79%) were classiﬁed
as having mild balance dysfunction.
Table 1 compares participants’ performance on outcome
measures between those categorized as having balance within
normal limits, and those who were classiﬁed as having mild
balance dysfunction. On most of the measures the group with mild
balance dysfunction scored signiﬁcantly worse than the group who
were classiﬁed as having normal balance performance.
Table 1
Balance performance of the mild balance dysfunction (MBD) group and normal balance (normal) group
Outcome MBD group (n ¼ 165) Normal group (n ¼ 60) p value Scores for healthy participantsz
Laboratory measures
mCTSIB*dmean COG sway velocity, composite (deg/sec) 1.72 (1.63e1.80) 1.09 (0.97e1.21) <0.001y
LOS*dreaction time, composite (sec) 0.93 (0.89e0.97) 0.81 (0.76e0.86) 0.001y
LOSdmovement velocity, composite (deg/sec) 2.95 (2.77e3.13) 3.73 (3.42e4.05) <0.001y
LOSdmaximum excursions, composite (% LOS) 71.96 (69.71e74.22) 85.47 (83.06e87.89) <0.001y
RWSdon-axis velocity (front/back), composite (deg/sec) 2.49 (2.37e2.60) 3.23 (3.11e3.34) <0.001y
RWSddirection control (front/back), composite (%) 70.97 (69.28e72.66) 79.55 (77.93e81.16) <0.001y
WA*dstep width (cm) 17.29 (16.63e17.94) 15.28 (14.36e16.20) 0.002y
SQT*dturn time, worst (sec) 1.65 (1.53e1.76) 1.18 (1.06e1.31) <0.001y
SQT*dturn sway, worst (deg) 35.24 (27.30e31.72) 29.51 (27.30e31.72) <0.001y
STSdrising index (%) 17.64 (16.20e19.07) 19.18 (16.19e22.18) 0.297
STS*dCOG sway velocity (deg/sec) 4.78 (4.56e4.99) 4.34 (4.04e4.63) 0.021y
Clinical measures
Functional reach (cm) 26.4 (25.6e27.3) 32.1 (31.1e33.1) <0.001y 30.7 (29.9e31.5)
Step test, worst 14.0 (13.4e14.5) 18.1 (17.3e18.9) <0.001y 16.1 (15.5e16.7)
Timed STS*, ﬁve times (sec) 10.9 (10.3e11.6) 8.8 (8.3e9.2) <0.001y
Quadriceps strength, (kg/body weight-kg), worst 0.20 (0.19e0.21) 0.22 (0.20e0.24) 0.023y 0.13 (0.12e0.14)
Hip abductor strength (kg/body weight-kg), worst 0.15 (0.14e0.16) 0.16 (0.15e0.18) 0.058 0.13 (0.12e0.14)
Dorsiﬂexors strength (kg/body weight-kg), worst 0.15 (0.14e0.15) 0.16 (0.16e0.17) 0.002y 0.14 (0.13e0.15)
Walking velocity (m/min) 62.6 (60.4e64.8) 74.4 (71.4e77.5) <0.001y 69.9 (68.6e71.2)
Values are means and 95% CI.
ySigniﬁcant difference (p < 0.05) from two-sample t test with equal variances.
CI ¼ conﬁdence interval; COG ¼ center of gravity; LOS ¼ limits of stability; mCTSIB ¼modiﬁed clinical test of sensory interaction on balance; RWS ¼ rhythmic weight shift;
SQT ¼ step quick turn; STS ¼ sit to stand WA ¼ walk across.
* Smaller score represents better performance.
z From Hill K, Schwarz J, Flicker L, Carroll S. Falls among healthy, community-dwelling, older women: a prospective study of frequency, circumstances, consequences and
prediction accuracy. Aust N Z J Public Health 1999;23:41e8. Sample of healthy women, mean age 74.1 years, muscle strength was reported in the original paper as force
(g)/body weight (kg).
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participants felt unsteady, or had to be cautious, based on their self-
report. Participants could report more than one concern. The
proportion of participants reporting each balance-related concern
varied between those classiﬁed as havingmild balance dysfunction,
and those classiﬁed as within normal limits. A signiﬁcantly greater
proportion of those in the mild balance dysfunction group reported
balance related concerns during walking, and concerns in accessing
the community (p < 0.05).
Fig. 1 shows a comparison on the Step Test (worst leg), one of the
clinical tests between participants in the current study (n ¼ 225),
a sample of healthy older people (n ¼ 96) living in the community13
and a sample of patients (n¼ 454) who attended a Falls and Balance
Clinic.14 Participants recruited for the current study performed just
below the 95% CI range for the healthy group, while their perfor-
mance was considerably better than the falls and balance clinic
sample. A similar pattern was observed for other measures (Func-
tional Reach, Human Activity Proﬁle and Modiﬁed Falls Efﬁcacy
Scale) where comparative data were available.
Table 3 (left half of the table) presents the univariate odds ratios
for the associations between each potential factor and the presence
of mild balance dysfunction, adjusted for age and sex. Factors iden-
tiﬁed with a p value <0.1 were: using a walking stick; self-reportedTable 2
Commonly reported activities that participants had balance-related concerns*
All participants (n ¼ 225) N
During walking 156 (69%) 3
After ﬁrst standing (morning) 48 (21%) 1
Getting dressed or showering 58 (26%) 1
Gardening, outdoor activities 20 (9%)
Using public transport 18 (8%)
Sports, physical activities 16 (7%)
Accessing the community 17 (8%)
Values are n (%).
ySigniﬁcant difference between groups (p < 0.05) from two-sample test of proportion.
MBD ¼ mild balance dysfunction.
* Participants could report more than one concern.balance concerns during walking; history of hypertension; number
of medical conditions; number of prescribed medications; taking
antihypertensivemedications;walking velocity and physical activity
level (AAS score for Human Activity Proﬁle).
Three pairs of factors were identiﬁed as likely to be strongly
associated (history of hypertension and taking hypertensive
medications; using walking aid and walking velocity; and number
of prescribed medications and number of chronic health condi-
tions). In order to minimize risk of collinearity, only one variable
from each of these pairs was selected to put into the ﬁnal model
(walking velocity, number of chronic health conditions, and history
of hypertension were included in the multiple logistic regression
model). Results of the multivariate model (right half of Table 3)
showed that walking velocity, physical activity level (AAS score for
Human Activity Proﬁle) and self-reported balance concerns during
walking remained signiﬁcantly associated with the presence of
mild balance dysfunction, after adjusting for the confounding effect
of other variables considered in the model.
4. Discussion
Many older people have concerns about their balance perfor-
mance, even those who are community dwelling and functionallyormal group (n ¼ 60) MBD group (n ¼ 165) p value
3 (55%) 123 (75%) <0.01y
3 (22%) 35 (21%) 0.828
3 (22%) 45 (27%) 0.183
7 (12%) 13 (8%) 0.482
3 (5%) 15 (9%) 0.219
5 (8%) 11 (7%) 0.828
1 (2%) 16 (10%) 0.021y
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Fig. 1. Comparison of mean score and 95% CI on step test (worse leg) between three
samples of older people. Group 1: Falls and balance clinic patients (n ¼ 454),
mean ¼ 7.0 steps/15 seconds (95% CI: 6.6e7.4 steps/15 seconds). From Hill K, Moore KJ,
Dorevitch MI, Day LM. Effectiveness of falls clinics: an evaluation of outcomes and
client adherence to recommended interventions. J Am Geriatr Soc 2008;56:600e8.
Group 2: Current study participants (n ¼ 225), mean ¼ 15.1 steps/15 seconds (95% CI:
14.6e15.6 steps/15 seconds). Group 3: Healthy older people sample (n ¼ 96),
mean ¼ 16.1 steps/15 seconds (95% CI: 15.5e16.7 steps/seconds). CI ¼ conﬁdence
interval. From Hill K, Schwarz J, Flicker L, Carroll S. Falls among healthy, community-
dwelling, older women: a prospective study of frequency, circumstances, conse-
quences and prediction accuracy. Aust N Z J Public Health 1999;23:41e8.
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living in the community aged 70e79 years, and more than 30%
of people aged 80 years or older had self-reported balance
impairment.24 Often older people, their families and some healthTable 3
Analysis of factors associated with mild balance dysfunction (MBD) in univariate and mu
Factor Univariate analysis
MBD group, N ¼ 165 Normal group, N ¼ 6
Age (yrs) 80.6 (79.7e81.5) 76.9 (75.5e78.3)
Being female 73 (44%) 26 (43 %)
Without a spouse 86 (52%) 18 (30%)
Had home help 53 (32%) 8 (13%)
Being a veteran 121 (73%) 35 (58%)
Use walking stick 39 (24%) 3 (5%)
A fall in past year 64 (39%) 17 (28%)
Concern about balance during walking 123 (75%) 33 (55%)
Concern about balance after
ﬁrst standing (morning)
35 (21%) 13 (22%)
Visual problems 55 (33%) 14 (23%)
Hypertension 98 (59%) 25 (42%)
Arthritis in lower limbs 96 (58%) 32 (53%)
Joint replacement 28 (17%) 8 (13%)
Cardiac conditions 55 (33%) 16 (27%)
Diabetes 16 (10%) 6 (10%)
History of stroke 18 (11%) 1 (2%)
Back pain 71 (43%) 32 (53%)
Osteoporosis 26 (16)% 6 (10%)
Number of medical conditions 4.1 (3.8e4.4) 3.6 (3.1e4.1)
Number of prescribed medications 4.1 (3.7e4.6) 3.2 (2.6e3.8)
Psychotropic medications 19 (12%) 8 (13%)
Cardiac medications 28 (17%) 5 (8%)
Antihypertensive medications 93 (56%) 23 (38%)
Walking velocity* (m/min) 62.7 (60.5e64.9) 74.8 (71.8e77.9)
Physical activity level* (AAS-HAP) 61.5 (59.7e63.4) 69.8 (67.3e32.4)
Fear of falling (MFES) 9.16 (8.97e9.35) 9.52 (9.18e9.87)
Values are n (%) or means (95% CI).
yp < 0.05.
zVariables that with p > 0.1 in univariate regression analysis were not included in the m
AAS ¼ adjusted activity score; CI ¼ conﬁdence interval; HAP ¼ human activity proﬁle; M
* Odds ratio and associated 95% CI was calculated for every ﬁve units because this woprofessionals consider such concerns as “a normal part of ageing”
or “imaginary” unless falls happen frequently or an injurious fall
occurs. In this study, almost three-quarters of older people express-
ing concerns about their balance, but who remained community
active, did have measurable balance dysfunction. This ﬁnding high-
lights that older people’s balance related concerns are often not just
imaginary. Instead, their reports of concerns about their balance
should be considered as an important indicator of potential loss of
balance ability, and a trigger of the need for a detailed balance
assessment. Identiﬁcation of balance dysfunction at mild levels of
impairment may be used as a trigger to implement preventive
strategies suchasbalance exerciseprograms.However,we areunable
to determine the true prevalence of the incidence of mild balance
dysfunction among those expressing some concerns about their
balance, as this was a volunteer, and not a representative sample.
Exercise programs have been shown to improve balance
performance, muscle strength and reduce falls risk in older
people,25 and have been shown to be effective in reducing falls
across the falls risk spectrum.26 Balance related exercise has also
been shown to improve conﬁdence and falls efﬁcacy in older people
with increased falls risk.27 From a health promotion point of view,
detection of mild balance impairment enables earlier imple-
mentation of interventions, with greater capacity in improving
older people’s balance performance, rather than waiting until
higher levels of falls risk or balance impairment develop.
At present, there is no gold standard available in classifying
“normal balance performance” or “balance dysfunction” in older
people, especially at mild levels. In this study, the classiﬁcation of
mild balance problems was based on a review of the suite of clinical
and laboratory measures, and a priori determination of cut-off
scores to indicate mild balance dysfunction. According to Table 1,
on most individual measures, including the simple clinicalltivariate analysis
Multivariate analysisz
0 Odds ratios (95% CI) p value Odds ratio 95% CI for Odds ratio p value
1.10 (1.05e1.16) 0.036y 1.03 0.97e1.10 0.293
1.40 (0.74e2.66) 0.304 0.92 0.43e1.97 0.826
0.53 (0.24e1.51) 0.109
2.15 (0.91e5.05) 0.112
1.21 (0.55e2.66) 0.645
4.80 (1.40e16.47) 0.013y
1.45 (0.75e2.82) 0.274
2.60 (1.32e5.13) 0.006y 2.21 1.02e4.79 0.044y
0.95 (0.45e2.02) 0.893
1.45 (0.72e2.92) 0.295
2.04 (1.10e3.80) 0.024y 1.86 0.823e4.18 0.134
1.06 (0.57e1.96) 1.862
1.16 (0.49e2.77) 0.740
1.13 (0.57e2.67) 0.960
0.97 (0.36e2.67) 0.960
6.86 (0.87e35.6) 0.123
0.68 (0.37e1.24) 0.208
1.67 (0.64e4.39) 0.284
1.17 (0.98e1.38) 0.079 1.01 0.81e1.25 0.954
1.15 (1.01e1.31) 0.034y
0.82 (0.33e2.02) 0.667
1.81 (0.65e5.05) 0.259
2.02 (1.08e3.78) 0.029y
0.94 (0.91e0.97) 0.012y 0.82 0.69-0.96 0.016y
0.95 (0.91e0.98) 0.001y 0.80 0.65e0.98 0.032y
0.98 (0.89e1.04) 0.181
ultivariate model, except being female for adjusting purpose.
BD ¼ mild balance dysfunction; MFES ¼ modiﬁed falls efﬁcacy scale.
uld be clinically meaningful.
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balance scored considerably better than those who were classiﬁed
as having mild balance dysfunction, and most differences were
statistically signiﬁcant. This indicates that the combined criteria
used in this study were able to distinguish the two groups of older
people with mild differences in level of balance ability across
a broad range of balance assessment domains. Importantly, this
study has also highlighted that mild balance impairment could be
measured in this sample of community-ambulant older people,
who remained active but expressed concerns about their balance.
Fig. 1 demonstrated the study participants’ balance performance in
comparison to two other samples on one of the clinical measures,
the Step Test. As expected, this sample’s mean score and 95% CI was
well above the Falls and Balance Clinic patients (high falls risk
sample), however, compared to the sample of healthy older people,
participants in the current study scored slightly but signiﬁcantly
worse. This suggests that the balance performance of older people
with self-reported balance concerns might have started deterio-
rating while their symptoms are not yet clinically obvious. It also
suggests that simple clinical measures such as the Step Test used in
this study, or other tests aimed at discriminating mild levels of
balance dysfunction such as the Four Square Step Test,28 or the
Multiple Tasks Test29 might be sufﬁcient for discriminating mild
balance dysfunction, rather than requiring the force platform
assessments that also formed part of the current study. Further
research is required to determine the usefulness of a single or
combination of simple clinical tests in screening for mild balance
dysfunction in older people. This could include evaluating whether
screening can be as effective without using high technology (force
platform) devices that have limited feasibility and generalizability
for use in routine clinical practice.
Sit to stand is an important skill needed for everyday life.
Previous studies reported the timed Sit-to-Stand tests being useful
in discriminating between older peoplewith a balance disorder and
those without,8 and those with increased falls risk.30 In our results
(Table 1) participants classiﬁed as having mild balance dysfunction
performed signiﬁcantly worse on the Five Times Sit-to-Stand test
than those classiﬁed as having normal balance performance.
However, there was no signiﬁcant difference between groups on
the Rising Index (%) reported for the Sit-to-Stand test on the Neu-
roCom, although the scores for the normal balance group were on
average eight percent higher than themild balance group. This may
indicate a lower sensitivity of measurement for detecting differ-
ences or changes for the Rising Index measure compared to the
timed task in this sample.
All study participants reported concerns about their balance as
it was one of the inclusion criteria. Table 2 listed the commonly
reported circumstanceswhenparticipants felt unsteady, or had to be
cautious, based on their self-report. Most of these reported activities
were also items in the Modiﬁed Falls Efﬁcacy Scale. Despite all
participants reporting balance related concerns, more than one third
(89 participants, 39.6%) scored fully on the MFES, which indicated
absence or very low level of Fear of Falling. This observation implies
that balance-related concerns and Fear of Falling may be different
concepts and, therefore, cannot be used interchangeably. Further-
more, balance-related concerns may to be more sensitive than Fear
of Falling for the purpose of early risk identiﬁcation, as older people
appeared to have developed balance related concerns in doingmany
daily activities prior to becoming fearful of falling.
Results from the multivariate regression model showed that
lower self-reported physical activity level; slower walking velocity
and having self-reported balance concerns during walking were
independently associated with an increased risk of having mild
balance dysfunction. Previous research has also reported that
slower walking velocity was associated with recurrent fallingand dynamic balance impairment,31 as well as inactivity being
associated with increased falls risk.32 Findings from the regression
model suggest that being concerned about balance during walking
may be a more important sign than other balance-related concerns
indicating the presence of mild balance dysfunction. Health
professionals should be aware of the potential association between
the three identiﬁed factors and the presence of mild balance
dysfunction, and to recognize older people who are at increased
risk. The three identiﬁed factors may be integrated in future
programs of early risk identiﬁcation.
There are several limitations to this study. Data on medical
history and medication use were based on self-reporting, which
might have reduced the accuracy of this data compared to medical
record review. Second, the classiﬁcation of mild balance dysfunc-
tion used in the current studymay require further investigation and
reﬁnement, for instance, to determine the cut-off scores between
mild and moderate balance dysfunction. In addition, the diagnostic
accuracy of the classiﬁcation could not be evaluated. This was due
to there being no accepted reference standard in determining the
presence or absence of “mild balance dysfunction” in older people.
Third, because we did not have a comparison group (such as older
people without balance-related concerns) we were unable to
ascertain whether the factors that were identiﬁed as being associ-
ated with the presence of mild balance dysfunction are unique to
older people with balance-related concerns only. Regarding the
sampling method, a set of inclusion criteria were employed aiming
to exclude older people with balance impairments worse than
“mild” from participating. However, there might be a possibility
that a small proportion of participants were includedwithmoderate
levels of balance dysfunction while still meeting the inclusion
criteria, although data in Table 1 indicates that on average, partici-
pants were performing just outside normative levels on a number of
clinical measures. Caution needs to be used in interpreting the
comparison of our study results with the well-screened healthy
sample and the Falls Clinic sample, as this data is from three sepa-
rate studies, and there are age differences (up to 6 years difference in
the study samples), between the samples, and the healthy older
sample consisted of only females. Balance performance has been
shown to deteriorate with age (one study demonstrated a reduction
in Step Test performance of approximately 0.5% per year),33 and
some studies have reported a gender difference in balance perfor-
mance.34 Finally, using a convenience sample of volunteers, the
generalizability of the study results might be limited.
5. Conclusion
A high proportion of community dwelling older people report-
ing concerns about their balance were shown to have measurable
balance impairment outside that associated with normal age
related decline. Presence of reduced walking velocity, reduced
physical activity level, and self-reported balance concerns, speciﬁ-
cally related to walking, were associated with presence of mild
balance dysfunction. Screening using these items might provide
practitioners with a quick and simple approach to determine
whether older patient’s reports of concerns about their balance are
real, and warrant a detailed balance assessment to determine the
need for implementation of a balance-training program.
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